ABSTRACT: Due to new possibilities for using sugarcane (Saccharum spp.) trash for electricity generation, and the production of 2 nd generation ethanol and others chemicals, the interest for its recovery has increased. However, the question of how much trash can be removed from sugarcane field still needs to be clarified. This study evaluated the amount of dry matter, nutrients content, structural compounds and efficiency of the enzymatic hydrolysis of the hydrothermal pretreated materials for tops and dry leaves in samples from sugarcane varieties. Tops and dry leaves present differences in nutrients content and moisture. Therefore, the amount of trash to be collected should not be simply based on percentages, but also should take into account the different fractions of the crop residues. For instance, around 80 % of N, P and K were derived from tops. Therein, the environmental indicators of the entire chain of sugarcane could be benefited because more nutrients would be recycled and less mineral fertilizers might be used for sugarcane production if tops are left on the field. Further, the tops have seven times more moisture than dry leaves and higher amounts of extractives (organic compounds of low molecular weight). Moreover, as the result of yield obtained in the pretreatment steps for dry leaves were superior to the tops and the glucose yields obtained in the enzymatic hydrolysis step were similar, it can be predicted that for second generation ethanol production, it is more viable to recover parts of the dry leaves fraction, leaving the tops on the field.
Introduction
Sugarcane (Saccharum spp.) has significant importance in the tropical and subtropical regions of the world, especially due to the sugar and ethanol production. Recently, the sugarcane crop has drawn global interest as a raw material for the production of energy, since it presents highly positive energy and greenhouse gases balances (Macedo et al., 2008; Renouf et al., 2008; Smeets et al., 2009) .
In Brazil, with the advancement of mechanized harvesting of sugarcane without previous burning, a substantial portion of crop residues, composed by plant tops and dry leaves, is left on the soil, thus generating a residue known in the sugarcane industry as trash. At the beginning, the most common action was to windrow and burn this biomass in the field, in order to maintain the cultivation practices of the ratoons. As experience accumulates in the handling of the crops with the presence of trash, many farmers have begun to leave the residue on the soil, aiming mainly at conservation of the soil and water. Currently, around 85 % of sugarcane area is mechanically green harvested in the state of São Paulo (Canasat, 2012) . Recently, a substantial group of companies have started to consider alternative uses for this crop residue, which may represent between 10 to 30 t ha −1 year −1 dry biomass, depending on the sugarcane yield (Trivelin et al., 1995; Vitti et al., 2011; Fortes et al., 2012) .
Due to the possibilities of industrial use of sugarcane trash in boilers to cogenerate electricity and, in the near future, in the production of second generation ethanol and high added value building blocks for chemicals, the use of this residue in biorefineries may became a very attractive option.
From the agronomic point of view, the practice of maintaining the post-harvest sugarcane residues on the field brings evident benefits to the agricultural production, such as the protection of soil against erosion, the reduction of variation in the soil temperature, as a result of protection from direct radiation, an increase in the biological activity, higher rate of water infiltration and availability due to smaller evapotranspiration, improvement in weed control (Rossetto et al., 2008) , increase of the soil carbon stock (Cerri et al., 2011) and nutrients cycling (Oliveira et al., 1999) . However, some negative effects have also been associated with the maintenance of large amounts of trash over the soil such as the reduction of ratoon sprouting, increased risk of fire (Rossetto et al., 2008) , greater incidence of sugarcane pest and disease , and difficulties in the mechanized cultivation (Magalhães et al., 2012) .
The Brazilian sugarcane sector has recurrently questioned how much trash should be left on the soil to improve sustainability and sugarcane yield, against the claiming demand to use this biomass for energy purposes. Regardless of the point of view of trash preservation or energy generation, all estimation have been done based just on the amount of crop residues, without taking into account the biomass composition. Sugarcane trash is a heterogeneous material formed by tops and dry leaves, which presents quite different physical-chemical composition (Franco et al., 2008; Franco et al., 2010) .
Regarding to the competing dual use of sugarcane trash (for energy and agronomic purposes), the prevalent natural idea is that of partial recovery of this material Sci. Agric. v.70, n.5, p.305-312, September/October 2013 from the field for industrial use. Nevertheless, the question of how much trash can be removed from sugarcane fields still has to be scientifically clarified. Therefore, this study aimed to assess a preliminary sustainable option for the partial removal of the trash from green harvested sugarcane based on trash composition.
Materials and Methods

Field experiment characterization
Samples of crop residues (dry leaves and tops) from eight sugarcane varieties were collected from a sugarcane area located in Piracicaba (22°42' S; 47°38' W), São Paulo State, Brazil. The climate according to Köppen classification is Cwa (humid subtropical), with dry weather in the winter and average temperature below 18 ºC in the coldest month, and above 22 ºC in the warmest month (Rolim et al., 2007) . The soil is an Oxisol (chemical characteristics presented in Table  1 ) where sugarcane has been cultivated for over 30 years.
The experiment was performed in randomized block design with three replications. The treatments were eight varieties of sugarcane: SP80-1842, SP80-3280, SP81-3250, IAC87-3396, IAC92-1099, IAC93-3046, RB86-7515 and RB85-5453. All varieties were planted in March 2009, in plots of five rows, 20 m long and 1.5 m apart (row space). At the planting, 40 kg ha −1 N, 120 kg ha −1 P 2 O 5 and 120 kg ha −1 K 2 O were applied. The stalks yield and the amount of crop residues compartments were evaluated in July 2010.
Biomass production and nutrients content
The determination of stalk yield, dry matter and nutrients accumulation (N, P, K, Ca, Mg and S) in the aboveground of sugarcane was done in 2-m section of sugarcane rows. The aboveground plants parts were separated in stalks, tops and dry leaves. After that, the samples were weighed, chopped in forage chopper and then, subsamples of each plant compartment were sent to the laboratory to determine the level of moisture by means of weighing before and after drying in oven of forced air circulation. Afterwards, these materials were ground, and 10 g of samples were analyzed for macronutrients (N, P, K, Ca, Mg and S) using the methodology described by Malavolta et al. (1997) .
Compositional analysis of crop residues
Samples of dry leaves and tops were analyzed for lignocellulosic components and were submitted to hydrothermal pre-treatment process to assess the yield of glucose obtained by enzymatic hydrolisys.
In order to determine lignin, cellulose and hemicellulose contents of the trash organic compounds of low molecular mass, known as extractives (e.g. aromatic phenolic compounds, terpenes, saturated and unsaturated higher fatty acids, flavonoids and proteins) must be removed. Therefore, the integral raw materials were submitted to the pre-extraction process as described in the TAPPI T204 cm-97 modified method (Tappi, 1997) using ethanol-benzene. After the extraction step, samples were dried, weighed to determine the extractives content and reserved for later analyses.
Cellulose, hemicelluloses and insoluble lignin were determined both in the integral material (after removal of extractives) and in the trash that underwent the hydrothermal pre-treatment, according to Sluiter et al. (2008) , using the acid hydrolysis procedure employing H 2 SO 4 72 % for 60 min at 35 °C, followed by dilution to H 2 SO 4 4 % and an additional hydrolysis step at 121 °C for 30 min. After the hydrolysis process, the resulting suspension was filtered and the solid residue was dry-ashed for gravimetric determination of the mineral content. Insoluble lignin was determined as the solid residue from hydrolysis, subtracted from its ash content. The filtered residue was stored for analysis of soluble lignin, carbohydrates, organic acids, furfural and hydroxymethylfurfural (HMF).
Soluble lignin concentration was determined by measuring of absorbance at 280 nm in a UV/Vis spectrometer, according to Gouveia et al. (2009) . Cellulose and hemicelluloses contents were obtained by chromatography (HPLC) through the determination of concentrations of cellobiose, glucose, HMF, formic acid, and glucuronic acid (which were converted into cellulose); and xylose, arabinose, furfural and acetic acid (which were converted into hemicelluloses). Ash content was determined by the quantity of inorganic residues resulting from the total burning of the materials according to Sluiter et al. (2005) .
Hydrothermal Treatments
The hydrothermal treatments were performed in custom-made 200 mL stainless steel reactors in a static mode. A solid: liquid ratio of 1:10 (m:v) was used, with 12 g (dry basis) of integral trash and 120 mL of water. The hydrothermal treatment was performed for 10 min at 190 °C by heating the reactors, immersed in a glycerin bath. After the established reactional time, each reactor was quickly cooled on ice bath so as to cease the reaction mg dm 2001; Vitti et al., 2007; Fortes et al., 2011) and in Australia (Robertson and Thorburn, 2007a) .
Tops have approximately seven times more moisture than dry leaves (Table 2) . Taking moisture into consideration, it is possible to infer that collecting only dry leaves as opposed to the whole trash would be more interesting, if the trash should be removed at the same time as the stalks, since this would avoid the transportation of the biomass with high level of moisture from the field to the industry.
There are currently different alternatives to remove the trash from the field: i) windrow the residues a few days after harvesting for latter collection using a forage chopper; ii) baling after windrowing; iii) the integral harvest gathering stalks, dry leaves and tops all together. In this case, the residues separation takes place in the industrial plant by stationary dry cleaning (Magalhães and Braunbeck, 2010) . The three alternatives are currently adopted in some sugarcane producing companies in Brazil where electricity is cogenerated.
In one of the few analysis of trash collection routes currently used (Project BRA/96/G31, CGEE, 2009), the lowest cost of collection and transportation of the trash to the biorefinery was obtained via integral harvest ( US$ 7.6 t -1 of trash recovered) with retrieval of 70 % of the residues (harvester cleaning efficiency around 30 %), whereas in baling system and in integral harvest without cleaning separation of trash the costs was higher (US$ 10.5 and US$ 26.9 respectively). These differences are due to the light amounts of trash harvested together with the stalks (integral harvest) that causes a decrease of the loading density which require more trucks and wagons to transport stalks and crop residues. Therefore the cost of trash recovery is high in this model than when a lower amount of trash is collected (30 %) or when the bailing system is adopted.
The estimated cost of collecting trash varies according to particular condition. In the economic simulation of Michelazzo and Braunbeck (2008) baling presented higher costs (US$ 14.9) and the integral harvest presented substantially smaller recovery cost (US$ 6.9) than those report in CGEE (2009) study.
All these systems of trash recovery and transportation to the biorefineries have drawbacks, especially in the economic and energetic balance, since the removal of this material in the field requires many hours of machinery work (Magalhães et al., 2012) . For example, Sokhansanj et al. (2008) evaluated the energetic balance and GHG fluxes in the operations of harvest and transportation of wheat residues destined to produce energy in five scenarios. These authors observed that the demand of energy and GHG was proportional to the cost of the operations used in the harvest. These emissions varied between 20 and 40 kg CO 2 by ton of dry matter. Additionally, the removal of residues from the field after the sugarcane harvest, as it is done through baling, results in large amounts of mineral impurities taken to the industry, which may impair damage to the boilers and in the immediate determined time. After the reactors were cooled, depressurized and opened, the solid treated material (cellulignin) was separated from the liquor rich in hemicelluloses. A fraction of the cellulignin was separated for compositional analysis (previously described) and for enzymatic hydrolysis. The determination of the initial and final mass was employed in the percentage calculation of mass loss occurred in the treatment.
Enzymatic hydrolysis
For the enzymatic hydrolysis step, a commercial cellulase was employed (Celluclast 1.5L), supplemented by β-glucosidade (Novozym 188), both from Novozymes Latin America Ltda. The reaction conditions were: sodium citrate buffer 0.05 mol L -1 at pH 4.8 under agitation at 150 rpm in a shaker at 50 °C for 72 h (samples being extracted every 24 h) with 10 % of solid levels. The enzymatic loads were 10 Filter paper unit/g of cellulosic pulp (dry basis) for the complex celluclast 1.5 L and 20 enzyme international unit/g of cellulosic pulp (dry basis) for the enzyme β-glucosidade. After the end of the reaction, the hydrolisates were kept in flasks, cooled in ice to stop the enzymatic activity, and subsequently centrifuged, frozen and kept for chromatography analysis (HPLC). The total cellulolitic activity (FPase) was determined by the standard method (Ghose, 1987) and the glucose released was determined by the DNS method described by Miller (1959) . The activity of the enzyme β-glucosidade was determined by the methodology described by Wood and Bhat (1988) .
Statistical Analysis
The results were submitted to variance analysis (ANOVA), using F test at p < 0.05, the averages being compared by Tukey test (p < 0.1).
Results and Discussion
Biomass production and nutrient stock in crop residues
In general fresh matter of aboveground biomass (average of all varieties evaluated) was 152 t ha −1 with 87.5 % of stalks (133 t ha
). The analysis of the fresh samples has shown that 67 % of trash was composed by tops (12.8 t ha −1 ), and 33 % by dry leaves. Only the fresh matter of the tops have presented differences between the varieties, with emphasis on RB85-5453, which produced more than 15 t ha −1 , while the varieties SP80-1842 and SP81-3250 produced around 10 t ha −1 . The average of trash dry matter yield (Table 2) was 10.7 t ha −1 (54 % of dry leaves and 46 % of tops). The percentage of tops dry matter in our study was slightly higher than those observed by Franco et al. (2010) with SP81-3250 in plant cane experiments in which the proportion of tops were in the range of 30 to 35 %. The amounts of trash produced did not vary among the eight sugarcane varieties as also found in the studies with post harvest residues of sugarcane in Brazil (Gava et al., Sci. Agric. v.70, n.5, p.305-312, September/October 2013 their energy performance (Magalhães and Braunbeck, 2010) . On the other hand, the current technology for the integral cane harvest causes the overall load density of the trucks to be reduced considerably, raising the costs of transportation of raw material for the production of sugar and ethanol (Magalhães and Braunbeck, 2010) .
To contribute the comparative analysis between the crop residues compartments, the levels of macronutrients present in the tops and dry leaves in the sugarcane harvest were analyzed ( Table 2 ). The tops presented the largest content of N, K, P and Ca, whereas the dry leaves had the highest concentration of Mg. Considering the main macronutrients in fertilizer formulation, tops contain around two, seven and five times more N, K and P than the dry leaves, respectively. That is justifiable because these three macronutrients are mobile in the plants phloem (Epstein and Bloom, 2006) , and part of them are remobilized to the active parts of the plants (tops and roots system) along the sugarcane growth cycle.
In terms of quantity, a considerable fraction of K and P is present in the tops (80 %), which will represent an important source of these nutrients to be recycled in soil-plant system ( Figure 1 ). As K is not a part of any organic structure that constitutes the plant, after the death and breakdown of the cell membrane, this nutrient is released to soil solution, and may be readily reused by ratoon. Currently, some sugarcane producers are reducing the amount of K fertilizer application due to the maintenance of trash on the soil. Generally, around 40 to 60 kg ha −1 K 2 O are suppressed from the K fertilizer to be applied in ratoons (Vitti et al., 2010a) . Nevertheless, our results indicate that this reduction could be even great, because in average, the sugarcane varieties have accumulated in the trash around 80 kg ha −1 K (equiva- , it is possible to infer that 10.7 t ha −1 of sugarcane trash as a K source for ratoon is worth US$ 96.00 (considering 80 kg ha −1 K in trash) or US$ 9.00 t -1 . The tops contained 65 % of the total N present in crop residues, which is equivalent to 40 kg ha −1
. Depending on the mineralization level, part of this N will be released in the soil system to be used by the crop, which could decrease the consumption of N fertilizers and increase the sustainability of the sugarcane production system. Fortes et al. (2011) showed that the utilization of N present in the trash by the subsequent ratoon was low, around 20 % after maintaining residues in the field for three years. Small N recoveries from sugarcane trash also was reported by Oliveira et al. (1999) , Gava et al. (2003) , Trivelin et al. (2002) , Basanta et al. (2003) , Vitti et al. (2010b) , Vitti et al. (2011 and Fortes et al. (2012) . Moreover, Robertson and Thorburn (2007b) verified that the supply, to sugarcane, of N from trash will increase until it achieves the balance into the soil about 40 kg ha −1 year −1 N, with 90 % of the balance being reached after around 30 years of continuous trash preservation.
In spite of biomass of sugarcane parts did not differ among varieties, the nutrient content changed remarkably (Table 2) . Therefore, some varieties evaluated had substantial by higher nutrient accumulation than others. For instance, IAC92-1099 showed the highest N content in tops (8.2 g kg −1
) and dry leaves (4.1 g kg −1
), whereas RB85-5453 had the lowest N content (Table 2 ). Such differences related to the nutritional aspects of sugarcane are expected, as shown by Oliveira et al. (2010) , with varieties cultivated under irrigation in Northeastern of Brazil. Similar results were found by Robinson et al. (2007) testing nitrogen use efficiency by Australian sugarcane genotypes.
From point of view of industrial purposes separating tops from dry leaves and keeping the tops on the field may also improve combustion and preserve the boilers in case plant material is used to produce heat and electricity. Tops have a lower quality, as compared to the dry leaves, as feedstock for combustion in boilers. The tops of sugarcane plants are high in K, chlorine, and other inorganic nutrients. High alkali content in the fuel causes the formation of partially fused deposits (slagging) on the boilers and on convection heat surfaces (fouling) during dry combustion, which is detrimental to the whole process (Jenkins et al., 1998; Hassuani et al., 2005; Suramaythangkoor and Li, 2012) . High chlorine content in the burning material can also cause fouling and corrosion (Jenkins et al., 1998; Suramaythangkoor and Li, 2012) .
Crop residues to produce bioethanol
A small variation in the content of the macromolecules (cellulose, hemicelluloses and lignin) was observed in the different parts of the crop residues (Table 3 and 4): 21.7 % and 22.7 % for lignin, 39.7 % and 40.8 % for cellulose, and 32.0 % and 28.7 % for hemicelluloses in tops and dry leaves, respectively. This is expected, since the comparison was done with commercial sugarcane varieties grown in the same field. These values are fundamentally dependant, for example, on geographic location and the weather where the plants are cultivated (Fengel and Wegener, 1984) . However, for the produc- tion of cellulosic ethanol and/or building blocks for other chemicals, the variation found in the concentration of these macromolecules is little significant, that is, both tops and dry leaves may be used with this objective. In these cases, the processes of macromolecules separation, which must be selective and efficient, and the purification steps are extremely challenging factors. The low molecular mass substances (micromolecules) may be divided into organic compounds, generically called extractives (e.g. aromatic phenolic compounds, terpenes, saturated and unsaturated higher fatty acids, flavonoids and proteins), and inorganic substances, referred to as ashes. The levels of ashes (4.7 % on average) are similar in both the tops and the dry leaves (Table  4) . However, the extractives content is 88 % higher in tops (25.7 %) then in dry leaves (13.7 %). This difference can be explained by the fact that the extractives have a defense role in plants against microorganisms and some insects. As the dry leaves are dead tissues the protective function of such molecules is not necessary (ICIDCA, 1999) . Extractives may be used, for example, as new materials for cosmetics or pharmaceutical industry; therefore, the tops could offer a greater variety of substances to obtain products of high added value.
The amounts of lignin and cellulose in the pretreated fractions increased in relation to those of the original integral trash (Table 4 ). This proportional increase of lignin and cellulose content was due to the high solubility of the hemicellulosic fraction, partially removed during the hydrothermal pretreatment -tops: from 21.7 % to 30.0 % lignin and from 39.7 % to 51.6 % cellulose; and dry leaves: from 22.7 % to 29.5 % lignin and from 40.8 % to 53.9 % cellulose. As expected, the hemicellulose fraction decreases after the hydrothermal processing. Nevertheless, after correcting by the yield of the hydrothermal pretreatment reactions (Table 4) , the amounts of these components are reduced, when expressed as a percentage in the original trash, because of the loss of the plant components solubilized during the pretreatment. Therefore, the available feedstock that can be effectively used for industrial processing (e.g. second generation ethanol from cellulose or co-generation from lignin) as a proportion of the original trash is 15.8 % lignin and 27.1 % cellulose in tops; and 18.4 % lignin and 33.6 % cellulose in dry leaves.
The pretreatment of the trash caused a solubilization of hemicelluloses: 72.5 % in the tops (from 32.0 % to 8.8 %) and 73.2 % in the dry leaves (from 28.7 % to 7.7 %). Due to the relatively amorphous character and lower level of polymerization of the hemicelluloses, if compared to cellulose, that fraction becomes more susceptible to hydrolysis in the hydrothermal pretreatment (Fengel and Wegener, 1984) . The pretreatment cause high solubilization of the cellulosic fraction as well: 31.7 % for the tops and 17.6 % for the dry leaves (tops: from 39.7 % to 27.1; dry leaves: from 40.8 % to 33.6 %). These values show that the process, at least in the conditions employed in this study, is not selective for the removal of hemicelluloses.
The two trash fractions presented small differences in the levels of residual lignin and hemicelluloses after the pre-treatment (Table 4) . These small differences did not interfere in the efficiency of the enzymatic conversion (Table 5) .
The glucose yields obtained in the enzymatic hydrolysis steps did not present differences between dry leaves and tops (Table 5) . After 48 h of reaction, the maximum glucose yield was achieved (reaching values close to 60 % yield), making it evident that there is no need to employ a 72-h enzymatic hydrolysis.
Comparing the data obtained with those found in literature (Silva, 2010) , in which on average glucose yield values of 7.7 % are found for integral sugarcane trash, the conversion obtained after the hydrothermal pretreatment employed in this study was a lot superior, showing that the removal of a large fraction of hemicelluloses and partial removal of lignin considerably increases the cellulose conversion to sugars. Both hemicelluloses and lignin form a physical barrier against the enzymatic attack to cellulose. The results corroborate others reported in the literature, making it evident that the removal of these components by the pre-treatment step results in a change in the morphological structure of the lignocellulosic biomass, making it more accessible to the cellulolitic enzymes, and therefore providing an increase in the enzymatic digestibility in the conversion processes of the lignocellulosic biomass into glucose and consequently in ethanol (Öhgren et al., 2006; Liao et al., 2005) .
As the yields obtained in the pretreatment steps for dry leaves (Table 4) were superior to those of the tops (62.4 % and 52.5 %, respectively) and the glucose yields obtained in the enzymatic hydrolysis step were similar, it can be predicted that from the point of view of production of second generation ethanol, it may be preferable to employ the dry leaves fraction, leaving the tops on the soil. Although, these are preliminary results, they provide relevant data to the debate on how much trash can be removed from sugarcane field to produce energy without jeopardizing long term soil productivity.
Conclusions
The decision about how much sugarcane trash can be removed from the field to produce energy in biorefinaries should not be based just on percentage of the whole mass of plant residue because dry leaves and tops present substantial differences in their composition. The tops contain more valuable nutrients than dry leaves, and therefore could be the preferable part to preserve on the field. In addition, as the yields obtained in the pretreatment steps for dry leaves were superior to tops and the glucose yields verified in the enzymatic hydrolysis step were similar, it can be predicted that from the point of view of the second generation ethanol production, it is more viable to use the dry leaves fraction, leaving the tops in the sugarcane fields. 
